Background: Cerebral thromboembolism is a potentially devastating complication of atrial fibrillation (AF) and atrial flutter (AFl). The use of transesophageal echocardiogram (TEE) before electrophysiological procedures in anticoagulated patients is variable. Our objective was to determine the incidence and identify predictors of intracardiac left atrial appendage (LAA) thrombus on TEE in patients with AF/AFl before electrical cardioversion or ablation. Methods: We reviewed TEEs of 401 patients undergoing an electrical cardioversion, AF, or AFl ablation from
Atrial fibrillation (AF) is the most common arrhythmia in clinical practice, with an overall prevalence of 0.4% in the general population and more than 9% in patients aged more than 80 years. [1] [2] [3] AF and atrial flutter (AFl) are associated with significant morbidity with a 2 to 5 times increased risk of stroke, transient ischemic attack (TIA), or systemic embolism, as well as a 1.5 times increased risk of mortality. [4] [5] [6] In patients with nonvalvular AF, 89% of thrombi arise from the left atrial appendage (LAA), which is the main source of stroke and systemic embolism. [7] [8] [9] Transesophageal echocardiography (TEE) is the gold standard for identifying preprocedural LAA thrombus and is routinely used before cardioversion and catheter ablation (CA) to minimize the risk of periprocedural stroke in patients who are not on therapeutic anticoagulation for at least 3 weeks before the procedure, as per international guidelines. [10] [11] [12] TEE also may be performed in therapeutically anticoagulated patients at higher risk for LAA thrombi (eg, patients with prior LAA thrombus or prior stroke) or in those undergoing a left-sided electrophysiology (EP) procedure, such as AF ablation, in which catheters are introduced in close proximity to the LAA. The use of TEE in patients who are therapeutically anticoagulated before electrical cardioversion and CA for AF and AFl vary among centers. In the 2018 Heart Rhythm Society consensus statement on catheter and surgical ablation of AF, approximately 51% of the Task Force members would perform TEE in all patients undergoing AF ablation, regardless of the presenting rhythm and anticoagulation use. 12 Various risk factors have been identified as predictors for preablation LAA thrombus detected by TEE in patients with AF/AFl, including the presence of structural heart disease, left atrial (LA) enlargement, and increased Congestive Heart Failure, Hypertension, Age, Diabetes, Stroke/Transient Ischemic Attack (CHADS 2) scores. 9, [13] [14] [15] [16] Randomized studies of direct oral anticoagulants (DOACs) have shown significant reductions in stroke and systemic embolism compared with warfarin, prompting further investigation of DOACs as a potentially protective agents for LAA thrombus in patients with AF/AFl. [17] [18] [19] The purpose of this study was to determine the incidence and predictors of LAA thrombus identified in patients by TEE performed before cardioversion or AF and AFl ablation.
Methods

Study population
At McGill University Heath Centre (MUHC), all patients cared for by the EP service with AF or persistent AFl underwent TEE before cardioversion or AF/AFL ablation, regardless of duration of AF/AFl and anticoagulation. We conducted a retrospective review of 513 consecutive TEEs performed before emergent or elective CA or cardioversion of AF or AFl by the cardiac EP service at the MUHC from April 2013 to September 2015. We retained only the initial TEE for each patient and excluded 112 subsequent TEEs from patients who had more than 1 TEE. The final study cohort included 401 patients. The study was approved by the MUHC Research Ethics Board.
Outcome and comorbidities
We extracted demographic and clinical information at the time of TEE before the EP procedure (baseline) and at all follow-up visits. Information on age, sex, arrhythmia type (AFl, paroxysmal AF, persistent AF), traditional cardiac risk factors, and type and duration of anticoagulation therapy was collected for each patient. In addition, CHADS 2 and Congestive Heart Failure, Hypertension, Age (! 75 years), Diabetes, Stroke/Transient Ischemic Attack, Vascular Disease, Age (65-74 years), Sex (Female) (CHA 2 DS 2-VASc) scores were calculated. 20 For patients on warfarin therapy, time in therapeutic range (TTR) was calculated as the fraction of international normalized ratios (INRs) in therapeutic range during the month before the TEE (for patients with at least 2 INR results available within this 30-day period). All patients underwent TEE whether or not their INR was therapeutic. Patients with a negative TEE had their procedure performed and anticoagulation postprocedure adjusted if required.
Echocardiographic data collected included left ventricular ejection fraction (LVEF), LA diameter and volume, presence of valvular heart disease (defined as moderate to severe mitral or aortic stenosis or regurgitation, or mechanical prosthetic valve), and presence of LAA thrombus. Spontaneous echo contrast or sludge without thrombus was not classified as LAA thrombus. TEEs were analyzed by 2 level 3 echocardiography cardiologists to ascertain the presence of LAA thrombus. Complications related to TEEs were also recorded.
Statistical analysis
Continuous variables were presented as median values (interquartile range [IQR]) and compared using the ManneWhitneyeWilcoxon test. Age, sex, hypertension, diabetes, heart failure, prior stroke, vascular disease (defined at the McGill University Health Center. Clinical and echocardiographic variables were collected at the time of the TEE and follow-up visits. Multivariate logistic regression was used to determine predictors of LAA thrombus. Results: Of 401 patients, 11.2% had LAA thrombus on TEE. The majority (87%) of patients were anticoagulated for at least 3 weeks before the TEE. The incidence of LAA thrombus was 21% (23/110) in patients taking warfarin vs 6.4% (15/236) in patients taking direct oral anticoagulants. Multivariate analysis identified prior stroke (odds ratio [OR], 2.7; 95% confidence interval [CI], 1.1-6.9) and heart failure (OR, 2.2; 95% CI, 1.0-4.7) as predictors of thrombus, whereas direct oral anticoagulant use (OR, 0.4; 95% CI, 0.2-0.8) was associated with reduced odds of thrombus. Conclusions: LAA thrombus was identified in a significant proportion of patients undergoing TEE before cardioversion or ablation of AF/AFl despite preprocedural anticoagulation. Patients at increased risk of LAA thrombus (heart failure and prior stroke) may benefit from TEE before cardioversion, AF, or AFl ablation. etaient des pr edicteurs de thrombus, alors que l'utilisation d'anticoagulants oraux directs (RIA, 0,4; IC à 95 %, 0,2-0, 8) etait associ ee une probabilit e moindre de thrombus. Conclusions : Une proportion importante de patients qui avaient subi l'ETO avant la cardioversion, ou l'ablation de la FA ou du flutter auriculaire avaient un thrombus dans l'AAG en d epit de l'anticoagulation avant l'intervention. Les patients expos es à un risque accru de thrombus dans l'AAG (insuffisance cardiaque et AVC ant erieur) peuvent b en eficier de l'ETO avant la cardioversion, ou l'ablation de la FA ou du flutter auriculaire.
as prior myocardial infarction, peripheral arterial disease, or aortic plaque), anticoagulation therapy (DOAC or warfarin), and type of arrhythmia (paroxysmal AF, persistent AF, or AFl) were potential predictors in the multivariate logistic regression. An additional multivariate logistic regression was performed with the inclusion of valvular disease as a predictor in a subset of the patients with available information on the presence of valvular disease. LA diameter, LVEF, and laboratory measures were not included in the model because of missing data. Predictors of LAA thrombus were determined using multivariate logistic regression modeling with stepwise selection (P 0.2). A P value of 0.05 was considered statistically significant.
Results
Study population and anticoagulation therapy
Baseline characteristics of the 401 patients are displayed in Table 1 . The median age of the cohort was 65 years (IQR, 56-76 years), and 25.9% were female. Most patients had paroxysmal AF (43%) followed by AFl (36%) and persistent AF (8%). The majority of patients (87%) were anticoagulated: 27.4% on warfarin, 22.9% on rivaroxaban, 21.4% on apixaban, and 15.2% on dabigatran. Compared with patients on DOACs, patients on warfarin had more congestive heart failure, hypertension, diabetes, coronary artery disease, valvular disease, and poor renal function (P < 0.05 for all of the stated comorbidities). The mean CHADS 2 score was (1.3 AE 1.3). The distribution of CHA 2 DS 2 -VASc scores was 15.9% with a score of 0, 21.9% with a score of 1, 18.9% with a score of 2, 18.9% with a score of 3, and 24.4% with a score of 4 and more. Baseline characteristics were also presented by type of procedure (cardioversion, AF ablation, and AFl ablation) in Supplemental Table S1 . (Table 1) . Increased age and comorbidities translated to significantly higher CHADS 2 and CHA 2 DS 2 -VASc scores among patients with LAA thrombus (P < 0.05 for both). Nevertheless, the incidence of LAA thrombus on TEE among patients with low CHA 2 DS 2 -VASc score was not negligible: LAA thrombus was detected in 3 patients (4.7%), 6 patients (6.7%), and 8 patients (10.5%) with CHA 2 DS 2 -VASc scores of 0, 1, and 2, respectively ( Fig. 1) .
Incidence of preprocedural LAA thrombus on TEE
Among anticoagulated patients, there was a higher prevalence of LAA thrombus in patients taking warfarin (21%) compared with patient taking DOACs (6.4%) (P < 0.001). For patients taking warfarin with at least 2 INR measurements within 30 days before TEE (n ¼ 70), the mean TTR was 50% (mean TTR of 36.8% for patients with LAA thrombus compared with 52.7% for patients without LAA thrombus, P ¼ 0.19). Of these patients, 15 (21.4%) had a TTR of 100% (including 3 patients referred for cardioversion, 6 patients referred for AF ablation, and 6 patients referred for AFL ablation). The prevalence of LAA thrombus among patients with a TTR of 100% was 6.7% (0.0%, 16.7%, and 0.0% of patients referred for cardioversion, AF ablation, and AFL ablation, respectively). All patients with LAA thrombus had their EP procedure delayed and anticoagulation therapy reevaluated.
Predictors of LAA thrombus
Univariate regressions demonstrate that most potential predictors were associated with the presence of LAA thombus except for DOAC therapy ( Supplemental Table S2 ). In a multivariate regression analysis, prior CVA/TIA (odds ratio [OR], 2.71; 95% confidence interval [CI], 1.07-6.85) and heart failure (OR, 2.21; 95% CI, 1.04-4.71) were independently associated with increased odds of LAA thrombus ( Table 2 ). DOAC use (OR, 0.40; 95% CI, 0.19-0.82) was associated with reduced odds of preprocedure LAA thrombus ( Table 2 ). An additional multivariable analysis limited to patients with information regarding valvular heart disease found that prior CVA/TIA (OR, 3.24; 95% CI, 1.07-9.78) and valvular heart disease (OR, 3.93; 95% CI, 1.58-9.79) were independently associated with increased odds of LAA thrombus.
Periprocedural stroke and systemic embolic events
We observed 1 periprocedural thromboembolic event. The patient was a 49-year-old man with paroxysmal AF and a CHA 2 DS 2 VASc score 2 (for prior CVA) who underwent electrical cardioversion. There was spontaneous echo contrast without thrombus noted on his preprocedure TEE. He was taking warfarin with an INR of 1.88 the day he was cardioverted and was being bridged with heparin (with continued warfarin until INR was > 2). He developed right middle cerebral artery ischemia the following day with resolution of symptoms with conservative management.
Discussion
Our study demonstrates that among patients with AF and AFl undergoing a preprocedural TEE (1) 11.2% of patients had an LAA thrombus; (2) had prior CVA/TIA event, heart failure, and valvular heart disease were associated with increased odds of preprocedural LAA thrombus; and (3) DOAC use was associated with a reduced odds of LAA thrombus.
Prevalence of LAA thrombus
The prevalence of LAA thrombus in our retrospective review was high compared with current literature. 9, 13, 14, 21, 22 Among patients who were therapeutically anticoagulated before TEE, the reported prevalence of thrombus ranged from 0.3% and 7.7% compared with 11.2% in our study. 9, [13] [14] [15] [21] [22] [23] [24] The high prevalence of LAA thrombus in our patients may be due to a sicker population at our center, including a higher proportion of patients with valvular disease (20%), heart failure (35%), and mean TTR of 50% among warfarin-treated patients. Prior studies excluded patients with valvular disease or sampled a small portion of the population with valvular heart disease and AF (6%-11%). 12, 13, 15, 21, 22, 23 A higher proportion of patients with valvular heart disease and heart failure included in our cohort may partially explain the increased prevalence of LAA thrombus. 22, 25, 26 In addition, although the proportion of patients with persistent AF is similar in our cohort as in other studies, the duration of time in persistent AF before the procedure may be longer in our center because our practice included cardioversion or ablation of patients with long-standing persistent AF and heart failure. A recently published Canadian study 22 reported a significantly lower prevalence of LAA thrombus (0.3%) compared with our study and other studies already cited. 9, [13] [14] [15] [21] [22] [23] [24] In addition to reporting on a lower-risk population limited to patients undergoing AF ablation, the low rate of thrombus may have been the result of a strict protocol whereby all patients were anticoagulated with DOAC or warfarin for at least 4 weeks and patients on warfarin were seen in a dedicated clinic to ensure the INR was therapeutic during the 4 weeks before AF ablation. 22 However, the present study may more closely reflect real-world anticoagulation practice because preprocedural INRs were not managed using a strict protocol and all patients underwent TEE regardless of anticoagulation status or preprocedural INR value.
Clinical risk factors for LAA thrombus CHADS 2 and CHA 2 DS 2 -VASc score have consistently been identified as predictors of LAA thrombus; however, the individual comorbidities of heart failure and prior CVA/TIA have shown varied results. 13, 23, [27] [28] [29] [30] [31] [32] [33] Our study results were similar to those of Wysokinski et al., 32 who reported an increased odds of thrombus associated with congestive heart failure (OR, 5.12; 95% CI, 2.91-9.03) and prior stroke (OR, 2.56; 95% CI, 1.37-4.76). Fukuda et al., 23 Willens et al., 30 and Yamashita et al. 33 also showed heart failure as a risk factor in multivariate analyses, although prior CVA/TIA was not shown to be predictive of LAA thrombus. Our study did not show an association between diabetes and LAA thrombus risk. We found a higher rate of thrombi in patients with persistent AF, but the association was not significant in multivariate analysis. 30, 32, 33 Wysokinski et al. 32 found that permanent AF (vs nonpermanent AF) was associated with increased risk of LAA thrombus in multivariate analysis (OR, 2.49; 95% CI, 1. 26-4.93 ).
The present study was not able to investigate the association with LA enlargement in multivariable analyses; however, like other studies, our univariate analysis indicated a significant difference between LA diameter in patients with and without thrombus. 30, 32, 33 Scherr et al. 13 found that LA enlargement was an independent predictor of LAA thrombus in patients with AF before AF ablation (OR, 1.6; 95% CI, 1.1-2.3); 13 however, Tang et al. 27 found that LA enlargement did not predict LAA thrombus (OR, 1.04; 95% CI, 0.95-1.13).
DOAC associated with reduced LAA thrombus
The presence of thrombus was greater in those taking warfarin at 21% compared with those taking a DOAC (6.3%). The differential distribution of comorbidities among those taking warfarin or DOAC may partly explain the increased incidence of LAA thrombus in warfarin users. Specifically, patients taking warfarin had more congestive heart failure, hypertension, diabetes, coronary artery disease, impaired renal function, and valvular heart disease, and higher CHA 2 DS 2 -VASc scores as opposed to patients on DOAC; however, the significance of all these variables could not be tested because of missing data.
The TTR in patients with LAA thrombus on warfarin in our study was 36.8% vs 52.7% for the subgroup with no LAA thrombus on warfarin. Poor TTR is associated with higher rates of stroke and thromboembolism. 34 The mean TTRs in the warfarin groups in the pivotal anticoagulation trials Randomized Evaluation of Long-term Anticoagulation Therapy (RE-LY), Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared With Vitamin K Antagonist for Prevention of Stroke and Embolism Trial in Atrial Fibrillation (ROCKET-AF), and Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation (ARISTOTLE) were 64%, 58%, and 62%, respectively, [35] [36] [37] [38] which is higher than in our study (50.0%).
The incidence of LAA thrombus in the DOAC subgroup in our study was not negligible. The rate of LAA thrombus in the dabigatran, rivaroxaban, and apixaban groups were 5%, 4%, and 9%, respectively; however, information on compliance with DOAC therapy was not available. These findings are consistent with Frenkel et al.'s 19 retrospective analysis of 388 initial TEEs of patients on 4 weeks of continuous DOAC or warfarin therapy before CA of AF and AFl. LAA thrombus was found in 4.4% of the DOAC group vs 2.9% of the warfarin group (P ¼ 0.45). 19 The Randomized Evaluation of Dabigatran Etexilate Compared to Warfarin in Pulmonary Vein Ablation: Assessment of an Uninterrupted Peri-Procedural Anticoagulation Strategy (RE-CIRCUIT) study randomized patients (mean CHA 2 DS 2 -VASc ¼ 2.1, 68% paroxysmal AF) to warfarin (318/635) or uninterrupted dabigatran (317/635) for 4 to 8 weeks before AF ablation, and all patients underwent TEE imagining before the procedure. LAA thrombus was reported in 1 patient. On follow-up, 1 patient in the warfarin group had a periprocedural TIA during follow-up. 39 Another prospective study comparing DOAC therapy with warfarin before AF ablation was the Active-Controlled Multi-Center Study With Blind-Adjudication Designed to Evaluate the Safety of Uninterrupted Rivaroxaban and Uninterrupted Vitamin K Antagonists in Subjects Undergoing Catheter Ablation for Non-Valvular Atrial Fibrillation (VENTURE-AF) trial, in which 248 patients were randomized to periprocedural anticoagulation with rivaroxaban 20 mg once daily vs uninterrupted warfarin therapy (target INR 2-3). Paroxysmal AF was present in 75% of patients, and both groups had a low mean CHA 2 DS 2 VASc score of 1.5 to 1.7. At 30 days, there were 2 thromboembolic events in the warfarin arm compared with 0 in the rivaroxaban arm. 40 The incidence of LAA thrombus in patients on DOAC therapy in the major DOAC studies was as follows. In a subgroup analysis of the Re-Ly trial, the rates of LA thrombus detection among patients undergoing TEE before cardioversion was 1.5% for patients on dabigatran. 41 In the ARIS-TOTLE trial, TEE records were available in 86 patients on apixaban and none of these patients had LA thrombus. 42 In the ROCKET-AF trial, there were no TEE data collected to assess prevalence of LA thrombus in patients on rivaroxaban undergoing cardioversions or CA of AF. 43 
Study limitations
The main limitation of our study is that it presents a singlecenter experience that may differ from other centers because of possible treatment differences and distribution of risk factors. Potentially important predictors of LAA thrombus, including LA diameter, LVEF, and valvular heart disease, were excluded from multivariate analysis because of missing data. Transthoracic echocardiograms performed at other centers were not available for review or had missing measurements. Moreover, we could not verify compliance to DOAC therapy, and the TTR with warfarin therapy was only 50%.
Conclusion
The incidence of LAA thrombus in patients who are anticoagulated before cardioversion or ablation procedure for AF or AFl is not insignificant, even in low-risk patients. Although the CHADS 2 and CHA 2 DS 2 VASc scores are predictive of the presence of LAA thrombus, identification of specific risk factors, including prior CVA/TIA, congestive heart failure, and valvular heart disease, further stratify the specific patients at risk for thrombus before an electrophysiological procedure. The role of other potential risk factors, including LA enlargement and valvular disease, warrants additional evaluation. The use of DOACs preprocedure may reduce but not entirely eliminate the possibility of LAA thrombus, particularly in high-risk patients. The value of routine TEE in high-risk patients despite therapeutic anticoagulation before EP procedures requires further investigation.
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